Objectives: COPD is the fourth-leading cause of mortality worldwide. Prolonged QTc has been found to be a long-term negative prognostic factor in ambulatory COPD patients. The aim of this study was to evaluate the extent of prolonged-QTc syndrome in COPD patients upon admission to an internal medicine department, its relationship to hypomagnesemia, hypokalemia, and hypocalcemia, and the effect of COPD treatment on mortality during hospital stay. Methods: This prospective cohort study evaluated COPD patients hospitalized in an internal medicine department. The study evaluated QTc, electrolyte levels, and known risk factors during hospitalization of COPD patients. Results: A total of 67 patients were recruited. The median QTc interval was 0.441 seconds and 0.434 seconds on days 0 and 3, respectively. Prolonged QTc was noted in 35.8% of patients on admission and 37.3% on day 3 of hospitalization. The median QTc in the prolonged-QTc group on admission was 0.471 seconds and in the normal-QTc group 0.430 seconds. There was no significant difference in age, sex, electrolyte levels, renal function tests, or blood gases on admission between the two groups. Mortality during the hospital stay was significantly higher in the prolonged-QTc group (3 deaths, 12%) than in the normal QTc group (no deaths) (P=0.04). A subanalysis was performed, removing known causes for prolonged QTc. We found no differences in age, electrolytes, or renal functions. There was a small but significant difference in bicarbonate levels. Conclusion: Our findings demonstrated that there was no correlation between QTc prolongation in hospitalized COPD patients and electrolyte levels, comorbidities, or relevant medications. A higher rate of mortality was noted in patients with prolonged QTc in comparison to normal QTc. As such, it is suggested that prolonged QTc could serve as a negative prognostic factor for mortality during hospitalization in COPD patients. Keywords: COPD, QT prolongation, hypomagnesemia, hypokalemia, hypocalcemia
Introduction
COPD is a common reason for morbidity and hospitalizations and is the fourth-leading cause of mortality worldwide. 1, 2 Treatment is aimed at prevention of acute exacerbations (AEs). 1, 2 Chronic management of COPD is composed of behavioral and medication treatments, with the most widely used being bronchodilator and corticosteroid inhalers. Treatment for AE in COPD (AE-COPD) includes administration of systemic corticosteroids, antibiotics, and bronchodilators. [1] [2] [3] [4] Both chronic and AE medications have the potential of causing electrolyte disorders. [5] [6] [7] [8] [9] Evidence has accumulated in the past few years demonstrating a relationship between COPD patients and cardiovascular morbidity and mortality. 10 In an outpatient COPD population, prolonged QTc was detected in a third of the patients, and the only independent factor related to this finding was hypoxia. 11 In patients with COPD and no major comorbidities, prolonged QTc was found to be related to long-term mortality without correlation with degree of COPD severity. 12 Repolarization abnormalities on electrocardiography (ECG), reflected as prolonged QTc segment and QT variations, were observed in COPD patients. 12 These repolarization abnormalities are related to ventricular arrhythmias and mortality. 13 Hypomagnesemia has been demonstrated to increase the risk of cardiovascular events, including long-QT syndrome and ventricular arrhythmias.
14 Magnesium is the second-most abundant intracellular divalent cation in the human body. It is an obligatory element in many mandatory intracellular signaling processes and serves as a cofactor in enzymatic reactions. 15 Hypomagnesemia, defined as magnesium serum levels <1.7 mEq/L, is a common observation in hospitalized patients and related to morbidity and mortality during hospitalization. 16 Etiology for hypomagnesemia is diverse: related to reduced intake, intracellular shift, and renal and gastrointestinal losses. 14, 17 Gourgoulianis et al suggested that magnesium has a bronchodilatory effect on smooth-muscle cells in the respiratory tree. 18 The bronchoconstriction observed in hospitalized AE-COPD patients can be a result of hypomagnesemia, frequently observed in these patients. 19 Medical treatment is considered one of the most prevalent causes of hypomagnesemia nowadays. Many medications increase renal loss of magnesium, thereby exposing patients to hypomagnesemia's consequences. Drugs that carry an increased risk of hypomagnesemia are antibiotics, 6 diuretics, and proton-pump inhibitors (PPIs), 20, 21 all potential causes of prolonged QTc. 13 Some of the influences of hypomagnesemia are increased risk of hypokalemia and hypocalcemia, thereby augmenting the risk of QT-segment prolongation.
14,22
The aim of this study was to evaluate the extent of prolonged QT segments in COPD patients upon admission to an internal medicine department (IMD), its relation to hypomagnesemia, hypokalemia, and hypocalcemia, and the effect of AE-COPD treatment during hospitalization on these variables and mortality.
Methods
In this prospective, noninterventional, cohort clinical trial, COPD patients admitted to the Department of Internal Medicine A, Assaf-Harofeh Medical Center, Israel from September 2016 until December 2017 were enrolled. The study was approved by the institutional ethics committee, and written informed consent was obtained from all patients. The study was conducted in accordance with the Declaration of Helsinki.
Patients were recruited on admission. They were eligible to participate in the study if they were ≥18 years old, capable of signing informed consent, and had been diagnosed with COPD according to the standard criteria of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines: symptoms of chronic (minimum 3 months) dyspnea, cough, or sputum in combination with spirometry test demonstrating irreversible obstructive disease. 2, 23 Exclusion criteria were pulmonary congestion, severe pleural effusion, pneumothorax, diagnosis of restrictive disease according to a pulmonologist, or spirometry demonstrating FEV 1 /FVC>0.7, dementia, unconscious at admission, and pregnancy. Patients with known cardiac diseases were not excluded from the study. AE-COPD was defined as worsening of respiratory symptoms (increased dyspnea, cough, or sputum) beyond the normal day-to-day variation in symptoms, as per GOLD guidelines.
2,23
Patients' medical history was recorded upon admission and during the hospital stay. Venous blood samples were withdrawn for magnesium, potassium, calcium (corrected to albumin), CO 2 , and parathyroid hormone (PTH) on the day of admission and day 3 of hospitalization. Electrolyte levels were measured from plasma. A "spot" urine test for creatinine and magnesium was performed at hospitalization. Urinary fraction excretion of magnesium was calculated as (urinary Mg × plasma creatinine)/0.7 × (plasma Mg × urinary creatinine). No intervention was done for correcting electrolyte disturbances or the choice of antibiotic therapy by the authors, and treatment was done according to physician decisions.
ECG was conducted on the day of admission and day 3 of hospitalization. ECG analysis was performed using a Fukuda FX-8222 on all patients. QT was measured manually by two physicians. The longest QTc interval was calculated using Bazett's formula for each patient. Maximal heart rate for the measurement was 120 bpm. Prolonged QTc was defined as >450 milliseconds for men and >460 milliseconds for women. 24 The primary outcomes of the study were prolonged QTc, serum levels of magnesium, calcium, potassium, and CO 2 , and the relationship between them. The second outcome was the effect of drug administration before and during hospitalization on electrolytes and QT-segment changes.
Statistical analysis was performed using SPSS version 25. Categorical variables are reported as frequency and percentage, and continuous variables as median and IQR or mean and SD, according to distribution. For descriptive statistics during hospitalization, McNemar's test and Wilcoxon's signed-rank test was used. In subgroup analysis, for categorical variables, Fisher's exact test and χ 2 were used based on sample size and distribution of variables, and for continuous variables the Mann-Whitney U test was used. All statistical tests were two sided. P<0.05 was considered statistically significant.
Results
A total of 67 patients were recruited during the study. Baseline characteristics of the patients are presented in Table 1 . Mean age was 70±11 years, 48% were female, and 75% were being treated chronically with bronchodilator inhalers, 66% with corticosteroid inhalers, 42% with home oxygen therapy, and 24% with bilevel positive airway pressure. AE-COPD was the main diagnosis on admission to hospital. Upon admission, median potassium level was 4.1(IQR 3.8-4.5) mmol/L and 4.0 (IQR 3.62-4.4) mmol/L at day 3 of hospitalization. Two patients (3%) had hypokalemia upon admission and seven patients (10.4%) on day 3.
Only one patient had both hypomagnesemia and hypokalemia. Median magnesium level upon admission was 1.87 (IQR 1.77-2.04) mg/dL and 2.04 (IQR 1.84-2.18) mg/dL on day 3. Seven patients (10.4%) had hypomagnesemia upon admission and five patients (8.9%) on day 3. Median calcium level (corrected for albumin) upon admission was 9.12 (IQR 8.8-9.5) mg/dL and 9.15 (IQR 8.85-9.36) mg/ dL on day 3. Four patients (6%) had hypocalcemia upon admission and three patients (5%) on day 3. Median PTH level upon admission was 5.7 pmol/L. Median QTc interval upon admission was 0.441 (IQR 0.424-0.467) seconds and 0.434 (IQR 0.410-0.465) seconds at 3 days. Prolonged QTc upon admission was noted in 24 patients (35.8%), and 19 patients (37.3%) had prolonged QTc at day 3 ( Table 2) .
Comparison of patients with prolonged QTc upon admission and those with normal QTc showed that median QTc was 0.471 (IQR 0.465-0.500) vs 0.430 (IQR 0.410-0.440) seconds, respectively. There were no significant differences in age, sex, electrolyte levels, creatinine, or blood gases on admission between the two groups. Median PTH levels were higher in the prolonged-QTc group than the normal group (7.55 vs 5.2 pmol/L, P=0.04). Chronic kidney-disease prevalence was higher in the prolongedQTc group with six patients (25%) vs two patients (4.7%) from the normal-QTc group (P=0.02). There was no significant difference between the groups in prevalence of diabetes mellitus, congestive heart failure, hypertension, hypothyroidism, home treatment with diuretics of any dosage, use of PPIs, antibiotic treatment prior to hospitalization, β-blocker treatment, use of glucocorticoids (inhaled or oral), or bronchodilator treatment (Table 3) .
Mortality during hospitalization was significantly higher in the prolonged-QTc group (three deaths, 12%), with no deaths in the normal-QTc group (P=0.04). No significant difference in mortality was observed at 3 months posthospitalization (Table 3) . Mortality reasons during hospitalization were respiratory failure (two patients) and septic shock (one patient).
Very prolonged QTc of >0.5 seconds was observed in six patients (9% of total cohort). None of these patients died during hospitalization, and only one died in the 3 months following the index hospitalization.
Spearman's correlation coefficient was used to evaluate the association between QTc-interval length and the three major electrolyte deficiencies known to affect it: potassium, magnesium, and calcium. Correlations revealed P-values of 0.132, 0.428, and 0.551 and coefficients of −0.186, −0.099, and −0.074 for potassium, magnesium, and calcium respectively.
Subanalysis was performed omitting known causes for prolonged QTc: β-blockers, PPIs, home antibiotic therapy prior to hospitalization, amiodarone, and chemotherapy. In the remaining patients, median QTc was 0.471 seconds in the prolonged-QTc group (IQR 0.466-0.484 seconds) and 0.419 seconds in the normal-QTc group (IQR 0.397-0.441 seconds). There were significantly more females in the prolonged-QTc group (76.9% in the prolonged-QTc vs 36.4% in the normal group, P=0.02). No difference was observed in age, electrolytes, or renal function tests.
However, upon subanalysis a significant difference in the of bicarbonate levels was noted: 29 (IQR 26.8-35.3) mmol/L in the prolonged-QTc group compared with 25.9 (IQR 23.8-30.1) mmol/L in the normal-QTc group (P=0.04). There was no significant difference in the rate of acute exacerbation between the two groups. In addition, no significant differences between the normal-and prolonged-QTc groups regarding PTH, comorbidities, or drug therapy were observed (Table 4) .
Discussion
In this study, we examined the ECG and electrolytes of COPD patients upon admission to an IMD and 3 days Our findings demonstrated that QTc prolongation was an independent risk factor of morbidity unrelated to electrolyte disorders. These findings are consistent with previous studies, which demonstrated the prevalence of prolonged-QTc syndrome in COPD patients. Armsrtong et al examined ambulatory patients free of cardiovascular disease who had undergone spirometry and pulmonary function tests. The data revealed that COPD patients had longer QT segments compared with no-COPD patients and that long QT was associated with severity of disease only in patients with severe COPD (FEV 1 <50%). 25 Moreover, in previous studies 11, 12, [24] [25] [26] QTc abnormalities were found to be a negative prognostic factor for long-term mortality among ambulatory COPD patients. Zulli et al examined 246 COPD patients without any significant comorbidities, and concluded that prolonged QTc interval was a predictor of long-term mortality in COPD patients, independently of respiratory illness. These results illustrate the need to monitor data regarding QT segments of COPD patients during hospitalization.
In our study, an attempt was made to find a correlation between the etiology of prolonged QTc and electrolyte levels in COPD. However, our findings demonstrated that QTc prolongation was independent of electrolyte disorders. In previous reports, high prevalence of hypomagnesemia was reported in COPD patients, correlating with poor outcomes in chronic asthmatic and COPD patients. [26] [27] [28] In our study, no connection was found between magnesium levels and prolonged QTc or secretion of urinary magnesium. Nonetheless, the measurement of serum magnesium can be falsely normal, despite low total-body magnesium levels. It has already been shown that intracellular levels of electrolytes, such as magnesium, are poorly represented in serum and that clinical significance is correlated more with intracellular measurements. 29 There are individuals, particularly those with a subtle chronic magnesium deficiency, whose serummagnesium levels are within the reference range, but still may have a deficit in total-body magnesium. 29 For example, Emelyanov et al evaluated magnesium levels in airway hyperreactivity in asthma patients and found low levels only intracellularly and not in the serum. 30 In our study there were higher PTH levels in patients with prolonged QTc, which might represent a change in total-body calcium. Intracellular hypocalcemia, which is not reflected in blood-level measurements, might induce cardiac repolarization abnormalities that will present as prolonged QTc. The prevalence of chronic kidney disease was also higher in the group with prolonged QTc, an observation that is also related to electrolyte disturbances and secondary hyperparathyroidism. 31 These data might lead to the assumption that the intracellular electrolyte a Categorical variables presented as n (%), continuous variables as means ± SD or median and interquartile range, dependent on distribution. Drugs excluded were home antibiotics, β-blockers, amiodarone, and proton-pump inhibitors. Abbreviations: PTH, parathyroid hormone; PO, per os (oral); AE, acute exacerbation.
disturbances found in COPD patients might contribute to prolonged QTc. 32 Previous studies has demonstrated a change in PTH in COPD patients. Park et al demonstrated increased PTH in ambulatory patients with severe COPD (GOLD 4 criteria), with no correlation with vitamin D levels. 33 Dimai et al found bone loss in COPD patients related to hypercapnia. In these patients calcium and phosphorus levels were not different, but PTH was higher in COPD patients than controls. They concluded that higher PTH levels can be secondary to higher bone turnover in these patiens. 34 However, due to the lack of published evidence to support the observation that cytosolic electrolyte disturbance is involved in the prolongation of QTc, we hypothesized that other mechanisms might contribute to this observation. Cardiovascular autonomic neuropathy has been found to be common among COPD patients. Chhabra et al measured heart-rate response followed by autonomic stimulation, and discovered a lack of response to the stimuli, mainly in moderate-severe COPD patients. 35 Rasheedy et al examined elderly outpatients with COPD and measured heart-rate and blood-pressure response to different stimuli. It was found that among patients with cardiac autonomic dysfunction, a higher baseline heart rate and higher CO 2 levels represented severity of the disease. 36 The data from our study revealed higher bicarbonate levels in the prolonged-QTc group, which might represent the chronic compensation of CO 2 retention found in severe COPD patients. Therefore, prolonged QTc could be related to a chronic response to respiratory acidosis. 37 
Strengths and limitations
The study was prospective and included all COPD patients eligible to participate in the study in the time period. Patients with known cardiac diseases were included, consistently with internal department patients with multiple medical problems. The initial assumption for the study estimated that QTc interval would correlate with electrolyte changes. After initial statistical evaluation, it was clear that serum magnesium level is not related to prolonged QTc. The sample of the study was smaller than expected in the study period. This study did not reveal electrolyte changes as the cause of QTc prolongation. A study with a larger sample of patients might reveal small changes that could not be estimated here. These changes are not necessarily clinically significant. Intracellular electrolyte levels were not routinely measured.
Conclusion
Our findings demonstrated that QTc prolongation in hospitalized COPD patients was not correlated to electrolyte levels, comorbidities, or relevant medications. A higher rate of mortality was found in the prolonged-QTc group than the normal-QTc group. Therefore, it is suggested that prolonged QTc could serve as a negative prognostic factor for mortality during hospitalization in COPD patients. Nevertheless, in the latest edition of the GOLD guidelines, released in 2018, there was no recommendation to include QTc as part of the routine assessment of COPD patients. 38 Therefore, we suggest adding QTc measurements as routine follow-up, regardless of electrolyte levels, and to administer appropriate care, including avoidance of medical therapy that causes QTc prolongation. Further investigations are needed concerning intracellular electrolyte levels and their relationship to QTc prolongation, as well as the correlation between prolonged QTc and mortality in hospitalized COPD patients.
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